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Physiologic Stress During 50-Hour UUlk
Double-crew Missions in C-141 Aircraft
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H. B. Hark,, B. O, HartMay, D: A, Hanus, E. W, WiLLLAMS,
R, E, . Miranpa, J. M. Hosexrery and B, N..Ssrri
‘USAF Sohool of Acrospace Medicine, Brooks Air-Force Base,

Tetas 78235

Havre, H. B, 'B. O. Hanraan, D. A, Hanmis, E. W, Wir-
LIAMS, R E, Mmaxnas, J. M. H()svx-n'w and B, N SxuTH,
Phusmlol,:c stress durim, 50-héur double-crew missions in C-141
aircraft, Aerospace Med. 43(3):293-299, 1972.

By usc of a battery of urinary techniques, the physiologic cos!'

(stress) of- prolonged-C-141 -flying -operations -(cither slagcd or
nearly. contmupuc‘ was shown to be mild-to-moderate-in dcgreu.

Staged missious. lasting.5 to 7 ‘days tended to be, fess .stressful’
than double-crew.nearly continuous 50-hour missions, In the lat

‘ter type of mission, two extremely different-work/rest schedules,

namely, 4/4 and 16/16 hours, induced similar degrees of- physno-
logic stress. Anticipatory -stress ‘which was detected prior to
double-crew flights tended to be higher than the flight stress that
followed, Crew position was a contributory fnctor, shghtly modi-
fying fight and postflight trends. Pre-existmg circadian periodicity
persnsted although flight had modlfylm, influence, Times of day
thet rcprescntcd night.at home were the times of h|ghcst sensi»
tivity to flight. Recovery from prolonged, nearly continuous flying

operations appears to requiré 4-3 days, and it appears to be a
mulhplmslc process, with endocrine-metabolic ‘depression appear.

‘ing first, after which there was oscillation and. final settling at

the control level. In one double-crew mission, when cxtruordmm'y
fntlguc .was noted, there-had been a 12-hour pnucm of ‘change
in the-physiologic stress index that-suggested an “cverload” ye-
action,

IS RESEARCH WAS PART of an cktensive effort

concerned with various physiologic and psychologic
cffects of -prolonged flying missions in which two crews
alternately operated the aireraft. An carlier report? pre-
sented oral temperature data for the crews, The pres-
ent report presents endocrine and metabolie data, The
objectives in this study were as follows: (a) to test for
differential coffcéts of two work/rest schedules (4/4
hours and 16/16 hours), (b) to quantify the anticipa-

T y investigation-i. i accomplished jointly by personnel in (a)
the ¥ wvironmental Sciences Division and the Clinical Sciences
Divistan of the USAF School of Acrospace Medicine, Brooks
AFB, Tonas, () Headquarters, Military Ailift Cmmn.md Scott
AFB, Nlinois, and {¢) the 3rd Military Aizlift Squaron, Charles-
ton AFB, South Carolina. The responsible melial officer for
MAG was Lt Col, J. A. Martinez. Further vepeoduction of this
report is authorized to satisfy the needs of the Unitea- States
Gwverment, Reprints may be obtained frem Heury B Rule,
PRD., Envirommental Sciences Divison (SME), USAF Schoul of
Acrospace Medicine, Brooks AFB, T as 78235,

tory and:fight-induced -stress, (c) to ‘test for relation-
ship between flight-stress sevcnty and flight duration;
(d) to test for relationship between flight-stress severity
and crew: position,.and (e) to ascertain whether recov-
cry from-this flight-stress was prompt or-not.

METHODS

Urine specimens were collected from the crew mem-
bers at dppr()\mmtclv 4-hour ‘intervals (except when
prevented by sleep) during flight and postilight veri-
ads. For the purpose of asscssing anticipatory stress, the
first urine collection in cach mission covered'the 2 hours
that preceded departure and'the first 2 hours of flight.
This overlap into the flight. period makes allowance for
a lag that urinary stress indices generally show, since
urinary changes tend to be about 2 hours hehind the
physiologic events they reflect.

The physiologic aspects under study all show circadi-
an peuodlutv under ordinary circumstances; therefore,
the urine collections had to be standardized-with rc-
speet to-time of day. To accomplish thisssynchroniza-
tion, the different missions were all started in the period
Of 0800-0900 hours. The physialogic data- are most
meaningful w! en viewéd in relation to the time zone to
which the crew members were physiologically en-
trained, namely, Eastern Standard Time. The -urinary
stress indices were expected to show either entrainment
ner se or entrainment plus stress. To reveal cach stress
clfect, the entrainment effect was to be extracted math-
cmatically by the use of control (baseline) data ob-
tained from unstressed persons.

The stress indices were as follows: norepinephrine,
epinephrine, I7-hydroxycorticosteroids (17-OHCS), po-
tassium, sodium, the sodium /potassium ratio (Na/K),
and urea. Stressors have stimulatory influence on the
regatlatory systems of the body as well as on fundamen-
tal metabolicactivities, particularly the energy-releasing
(catabolic) processes.  Urinary  norepinephrine and
epinephrine determinations® enabled indirect assess-
ment of activity levels in the sympathetic nervous sys-
tem and the adrenal medulla, respectively. One phase of
adrenocortical activity w. quantified by means of
urinary 17-OHCS determinations.® Urinary potassium

Beprinted froe Acrospace Medicine, Volume 43, Number 3, March, 1972
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and sodium determinations® -enabled limited appraxsal
of mineral metabolism, and the Na/K ratio served to in-
dicate-whether or not.thefe is a weak or strong regula-
tion of the distribution and/or ‘excretion. of these two
fons. Urinary urea,t acby-product of protein catabolism,
,provided rough .quantificition of protein breakdown
rates. Urinary creatinine,t an_index of lean.body mass,
was used as an adjusting factor, not a stress index. By

expressing ;the individual hormones and metabolites-as
‘creatinine-based ratios, the ‘influences of the factors of.

body size and age are minimized: .Moréover, precise
timing of uriné collections is unnecessary.

RESULTS
C-141 Douiileocrcw Missions

Three of the niissions employed the short work/rest
schedule (474 hours). Four others employed the long
work/rest schedule (16/16 hours). One of the latter
missions was terminated’ prématurely owing to over-

fatngue, so it will be/reported separately. As the first step.

in the organization and analysjs 6f the urinary data for
thesix successful missions,.those.obtained at cach pomt
in time for a-given individual during thé three 4/4 mis-

“* Detérminations mc.\dc on antomated flame photometer . (Instru-
‘mentation Laboratory, Inc;).

tDeterminations made on AutoAnalyzér,

sions weére averaged as were those for the three success-
ful 16/ 16 missions: Thus, a time-series of' values for each
type of.mission was derived for each:crew member; To
test for-differential- effects of the work/rest schedu‘es,
the data for 8 of the czew membeérs were used. The iiou-
blé-crew is coiisidered to:contain- 2-aircraft commind-
ers, 2 copilots, 2 ﬂxght ex."mecrs,;and 2 navigators. Vari-
ance analyses. were per‘onmed; using flight and' post-
Aight “data ang High postihiglit differences.  Only
-questionable. evxdenc. of differentiation was found,
which was Jimited, 46 urea (P <0.05) and Na/K (P
<0.05). We- céiicluce, therefore, that endocrine-mieta-
boli¢ activity levess telated -primarily to factors other
‘thai.the work/re. -schedules: Pooling of the -4/4 and’
16/16 data was iuen considered reasonable. The pooled
cata gave a sing’ time-serics -of flight values (along

with a single'se. \es’t;f postflight values) for each of the 4 -
crew positions, . 1, for the-crew as awhole (Table 1

and:V), The fliz' 7 serics in-Table I contains values for

each of the 13 jme segments in the 50-hour flight,
whereas the o tflight serivs has only 9 ¥alucs, those
for timesiofs alowikefulness. “The-urine specimens
for-the noctu. vl (slccp, portion of cach postflight day
(2200 to 060" . " nirs)-~wére oniitted deliberately, as it was
thought that ..pdisruption for the purpose of collect-
mg urine i éht affect recovery -fates adversely Using.
orly the dat. 1!t represent the part of the day in which
waknfulhe  ..the normal’ Hhys‘ologic-state, meaningful

TABLE 1, SUMMARY OF RESUi, 'S,

TIME OF DAY STF SSINDEX

*-PERIOD (EST) NE E  170HCS & Na.  NaK.  Urea
1000 548 166 968 5 1697 343 1585

1400 6.10 141 354 AL 15.14 404 1616

1800 4.64 1.20 288 646 1420 466 1810

2200 3.93 0.96 2i8 206 1210 633 Wder

: 0200 3.46 0.81 165 227 10.38 542 (275
2 0600 4.34 116 213 3.4 9.41 501 1519
8 1000 470 0.97 341, 753 11:82 392 1313
2 1400 5.07 1.09 387 4,26 13.20 347 117
1800 192 1.1 374 4.24 13.06 373 1410

2300 3.05 073 280 266 1140 461 1218

0200 3.67 0.85 102 2.64 0.97 449 I249

0600 4.98 L15 ‘263 2.80 10.10 431 1957

1000 5.47 1.09 a7y 1,80 12.49 281 1454

(meam) | (492)  (L16)  (2%1)  (3.86)  (1346)  (411)  (1442)

T T 00 T e Toes 268 448 6a8 185 063
1400 3.20- 084 258 483 872 195 1044

.y 1800 542 0.68 200 3.90 $.20 236 108
g 2200 3.20 0.73 168 3.30 8.48 337 1129
d 1000 3.83 0.76 313 4.84 8.94 200 1209
B 1400 3.3 073 266 181 0.63 224 1188
3 1600 3.32 0.69 214 408 10,04 288 1228
= 2200 397 0.84 163 2.06 8.95 495 1256
1000 3.07 0.67 175 3.90 7.90 808 1120

(mean)  {9.38)  (073)  (214)  (410)  ( 8.62)  (255) (1134)

Each \\ﬂue represents 8 crewmanbers and 6 missions, Norepinephrine (NE), minephnuc {E), and Portere
Silber chmmo;.ens (17-0HCS )~ a0 all expressed as 7100 my creatinine, Potassiom (K} and sodinm (Na)
are expressed. as mEq/100 myg ervatiinine, Urea Is expressed as /100 my creatinine, Within the flight period,
relatlonship to-thae of day was detected for NE (P <.005), 17-0HCS (P<.0C1), K (P<.001), Na (P<
,01), Na/K (P <001}, ond urea (P «.001) In the postilight period, time treweds weto established for 17
OGS (P<.05), K (I'<,023), and Na/K (I'<<.003), Differences fn time trends incflight and postflight
trends were detected for 17-OHCS (P <.05), potassium (P <.025), Na/K (P<N01), and urea (P<
,001), Based on overall means for flight-postiiight differences, significant” variation was found for NE (P <
005), E (P <.025), 17-0HCS (P <.003), NasK (1 <.005), and urea (P <.005), but not for K. The
“ight means” and the “postitipht means” Ju this table were derived from 10002200 valaes.
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-flight-postflight variation was. detectéd for all of the

physiologic variables. Most-of the ﬂxght values, (means

for:the 9 selected times in-the flight periad); when ex:

pressed as percent deviation from the- rcspectnve post:
flight values, tended to clump arouind-one level:. Specifi-
cally; the epinephrine and 17-OHCS deviations were
+59 and 55, respectively; the sodiuni and Na/K de-
viations. amounted -to +56.and 61, respectively; the

.norepmephrme deviation was +45; and the urea devia-
‘tion-was=4-27..

To provide perspective, data are présented in' Table
11 for a control group contammg 10 flyers, each of whom

collected 4-hour urine specimens. during @ day of
-ground duty that was- not'preceded by a day offlying

duty. The mean. values. presented in this table for the

control and experimental groups cach represént the. 16-
“hour: pcnod (0600 to. 2290 hours, Eastern Standard

Time) :in which wakefulness- is the usual physiologic
state. The-difference between each: ﬂnght (or postflight)
valucand the corresponding control value has been ex-
pressed as percent deviation from that control value.
This treatment riot only extracts the.entrainment effect,
but it also places the 7 stress indices on‘a common scale,

Distinct-gradation-in-responsiveness-is -evident for-thé

[

various indices. The:sodium, response consistently cut-

fanked all othefs, and the 17-G *HCS response consistent-

ly remained at-the bottom of thé list. Except for 17-

OHCS, all of the indices show higher.responsiveness on-

the first day of flight than on:the second day, perhaps
because of anticipatory stress- (see later comment) The
17-OHCS pattern-of chiange durmg ne flight pericd
suggests adrénocortical unresponsiveness: to ﬁight fac-
tors on the-first.day, ‘with low-grade responsivenéss dé-
veloping subsequently. thht duration évidently-acted
as. a potentiating factot:in this partzcular case. By sum-
mating, algebraxcally and ‘then avetaging the deviations
for the 7.different indices, an overall-endocrine-metabol-
ic index was derived, which enables-characterization of
and comparison of ear]y and late tendencies in the ﬂxght
and ‘postflight periods. On this basis; the first flight day
appears to have.been the more stressful of the:two, and
near-stability (at virtually the baseline level) ls,>md1-
cated during the 2-day postflight period, Récovery from
this long-duration flying operation evidently involved
sympathmdrenomcdulhry and adrenocortical depres-
sion, for there was sustained negative deviation for
epincphrine, norcpinephrine, and 17-OHCS' during the
postflight period: The remaining indices, with the excep-

TABLE 1I: FLIGHT-POSTFLIGHT VARIATION

(Data for Period of Wakefulness)

_—

CONTROL — -

STRESS crourp FLIGHT
INDEX (n = 10) DAY 1

Sodinm, mEq 745 14.62
(-96%)

Epinephrine, uy 0.81 .30
(-+60%)

Na/K 2.88 4.62
i {-+55%)

Urea, g 1092 1534
$40%)

Norepinephrine, ug 3.78 5 04
(-433%)

Potassium, mliq 295 3,81
+ng )

17-0HCS, pg 293 306
(-4 4%}

(Menn Devintlon) - (+43,.,

FLYING (‘ROUP (n=8)

"FLIGHT ~ POSTFLIGHT POSTFLIGHT
DAY 2 DAY 1 DAY 2
10.54 8.03 .59

(--68%) (4 8%) (426%)

1.02 0.73 0.76

(-+26%) (—10%) (— 8%)

3.93 3,99 2.80
(432%) (—23%) {— 4%)
1347 1054 1218
(+20%) (= 3%) (-H12%)
4.67 3.01 5.66
{-+24%) (~15%) (- 3%)
3.67 118 4.10
(424%) (440%) (439%)
346 224 al4
(+18%) (=24%) (=27%)
(-4:31%) (— 4%) (4 5%)

Each value is the mean for the 1G-hour perioct in which wakefulness js the normal- stato {0600 to 2200
houss BST). Except for k\a/l\'.,cach value v & éreatinine-hased ratlo (umouut/lOl) g creatinine). The e
«deviation-from the correspondiniz control value is shown in parentheses below e uh' experimental value,

TABLE 11, FLIGHT VARIATION
{Data for Nocturnal Period)

G O\TROL GROUPS FL\I\(‘ GROUI’ ( nz=8)

STRESS .\O\I’L\ El\ FLYER Fl 1(‘1!'1‘ l‘LlGHT

INDEX (n=12) (n=10) NIGHT 1 NIGHT 2

l'.plncphrlno. yg 0.45 0.56 0.98 (-}75%) 1.00 (4 79%)
17.0HCS, ug 107 116, 189 (4-63%) 234 (+102%)
Sodinm, mEq 743 6.18 9.90 (-4-60%) 10.04 (4 62%)
Nogepinephrinesig 2,13 2,56 390 (452%) 432 (4 69%)
Nw/K 4.16 3.60 "3 (445% ) 440 (4 22%)
Jatagstam, mEq 1.95 1.82 26 (-424%) 2,72 (+} 50%)
Urea, mg 1077 1108 1“97 {(+17%) 1303 {4 18%)
(Medn Dcvintion)V - - - (+48.o) - (4 57%)

Each:alie represents the 8-hour period nonmally given to slcep (220() !0 0600 kours EST). Both of the
control groups slept during this period. Except for Na/K, ench valuo Is a creatinine-based ratio (amount/100
my creatinine)s The £ de fation from the corresponding flier control value is shown in parentheses beside
each experimental value,
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PHYSIOLOCIC STRESS DURINGDOUBLE-CREW MISSIONS-HALE -ET AL.

tion-of -potassium; tended to approach their respective
‘baselines during the postflight period, thereby indicat-
.ing that most of the flight effects were readily reversed.
Potassium, however, showed a-sustained-increase over
the levels found.in the flight period, apparently denot-
ing residual or secondary nonspecific stress,

Table III presents the deviations. from" ‘baselines
found.for the individual (and the overall) stréss indices
during the nocturnal portion of-each flight day (Eastern
Standard: Time). The 10-flyers who :provided control
.data for. the carlier portion of the day (the period-of
wakefuliiess) also-provided the nocturnal control data,
breaking ‘their sleep on the test-night at the end of 4’
‘hours and again at the end of 8 hours. Their urine. col-
lection schedule was, thercfore, the same as that used
by the C-141 double-crew durmg flight. The sceond set
of nocturnal control values in Table III represents 12
members of the laboratory staff, each of whom collected
one overniglit-urine:specimen per week. during the 13
wveeks of spring, the scason in which the C-141 test
flights were flown, These control specimens, however,
are representative of unbroken sleep periods. Despite
the differences in collection schedu]es, the two sets of
control data show close agreement in all.respects. We

conclude, theérefore, .that they ‘both represent a stress-
free state, Variances are not considered; since the fivers
who made up the control group were studied on-a singlé
test night; .whereas the nonflyers were studied repeated-
ly. o
Stress severity during the nocturnal ;period,.as judged:
by 17-OHCS output, was greater than:that in the-period
of wakefulness (so-called “daytime”): The 17-OHCS.re-
sponsé to flight on the first night was next to-the hxghest
of the 7 indices, and it mcrcased as-flight duration. in-
.creased.. Thus, there is "basic agreement between the:
nighttime and. daytime adrenocortxcal ‘responses in that
cach indicated-that flight duration.was a-positivé, con-
tnbutory factor. The relatively high. 17-OHCS respon-
siveness cvident in the nocturnial period probruly re-
Jlates in.part to the added factor of sleep depnvatlon.
Norepincphrine also suggests higher responsiveness
during the nocturnal pericd than. during the wakeful-
ness period; and like'l” -OHCS, norepmephrmc showed
intensification in nocturnal responsiveness as. fligi-t dur-
-ation incrcased, Epincphrine responsivencss at night
was consistently above that:for the carlier part of the
day, but it did not show relationship to-fiight: duration.
nor did it follow its own daytime -pattern. Potas-

TABLE/1V, ANTICIPATORY-STRESS VS FLIGHT-STRESS

STRESS

BASELINE FLIGHT VALUES POSTFLIGIT
INDEX VALUES INITIAT MIDDLE FINAL VALUES
Norepinephrine, pg 872 + 47 Fo7 a7 a7
Fpinephrine, ugt 0.71 131 +37 +54 -
17-OHCS, ux 360 + 1 -5 4 3 —26
<Potassium, mEq 3.52 + 53 h] 36 427
Sodium. mEq 7.23 +4-135 +63 473 -7
Na/K 2,18 + .57 480 429 =ag
Urea, mgg 1170. + 35 +18 +24 -~18
tMean Deviation) - 4 66 +31 38 -12

<
P —g

Hc.ﬁb value represents the 4-hour period - from 00600 t0-1000 houts' (;-TST).:Each l’l\iul;t (and postdight)
value has been expressed as percent deviation from the respective baseline value, Control values. are
creatinine-based and represent 10 other Byers on o day-of ground duty.

TABLE -V, STRESS-SEVERITY IN

RELATION TO CREW POSITION

© CREW -POSITION CREW

STRESS INDEX PERIQ") AC FE cr NAV MHEAN

‘Sodium/Creatinine " Fligh 1853 (+82) 1442 (401) 13,05 (+75) 12,86 (+73) 1346 (+81)
(mEq/100 mg) Postilight 9.i7 (+23) 970 (--30) 733 {+ 1 8.08 (- 8) 8.62 (-+16)
Epincephrine/Creatinine Flight 1.34 (4-65) 103 (427) 114 (-F41) 111 (437) L16 (-4+43)
{u32/200 myr) Postilight 0.87 (4 0 077 (— 5) 0.63 (—22 088 (—19) 043 {(-10)
Na/K Flight 3.39 (-+14) 4,64 (-}56) 4,67 (457) 3.81 (+29) 4.1 (-38)
(mEq/mEq) Postilight 240 (—19) 2.88 (— 3) 2,81 (—12) 2,30 (~23) 2,55 (~14)
Urea/Creatinine ‘Flight 1405 (429) 1527 (-}40) 1397 (-4-28) 1439 (4+32) 1442 (-432)
{(mg/100 mg) Postilight 1135 (4 4) 1240 (+14) 1012 (- 8) 1181 (4 3) 1134 (4 4)
Potassium/Creatinine Flight 4.68 (4-59) 3.50 (+19) 3.31 (13) 3.92 (+33) 3.86 (-4-31)
{(mEq/100 mg) Posflight 4.25 {+44) 410 (439) 3.50 (-¢10) 458 (++54) 410 (-4-39)
Norepinephrine/Creatinine Flight 5.98 (-+58) 4.09 ($24) 4.9 (+13) 473 (425) 4.02 (430)
(mEq/100 wg) Postlight 400 (4 6) 359 (— 8) 3.08 (~19) 2,80 {~21) 3.39 (~10)
17-OHCS/Creatinine Flight 367 (-4-25) 34 ) 347 (+18) 203 (+ D 331 (13
Cuye/100 mg) Postflight 03¢ (—=24) 231 (-2 205 (~30) i81 (=38) 214 (~27)
(Mean Deviation) Flight - ($47) - (438) - (35) - (-+33) - (-+38)

Postilight - {~ 6)

- (+7) - (--10) - (=5 - (0

Values for the tndividual eren positions each represent 2 crewmembers, 6 misaons, and 0 ° ‘dastne” wctemunations per: crev = ember, Each period lasted
50 hours, and the physivlgic determinations were all made during the period of wakefuluess (V600-2200 hours, EST 2. Values i parentheses fndicate %

deviation from a baseline value (see text).
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PHYSIOLOGIC STRESS DURING DOUBLE:CREW: $15STONS-HALE ET 4L.

sium deviation on the first night approximated the-level
found dunng*the first daytime period, but:that for- .the

sécond-night was high relative to-its- daytime-value. So-

diumdeviation on the-first-night was low compared o
its.daytime value;. but on-the-sccond night, it approxi-

miated -the. comspondmg dautime vilie. The noc-
-turnal,area responses. were consstently Jow relative to-

stress iévels, A relatively steady state is evident duriag
the ﬂxght penod for-the middie and- final flight values

tend.to:agree. Sympathoadrenomedullnry hyperactivity

(see norepinephrine and epin-phrine} was a promment
feature of the anticipatory- stress -as - wwell-as the fight
stréss; but. there was never evidence of accompanying

-adrenocortical hyperactivity:.

daytime values. The'Na/K rativszat night- followed: the-

patterit ot change scen in daytims ;periods, namely, a
decline in responsiveness with. time, The noctwnal

Na/K deviations were both slightly lower in magmtude-

than the-coiresponding day deviations: Collecavely, the
7 stress indicés (see mean devxahon) indicate progres-
sive stress-iniensity in nocturnal flying. ‘This pattern of
variation:is opposite to that for daytime flight.

For -the -purpose: of charicterizing the anticipatory
stress, each of the values obtained at:the initial* flight

time (1000 hours) ‘was expressed as percent deviation

from & ‘baseline (control) value. The derived values ap-

pear in Table IV, along with values obtairied at 1000:

hours on the. sef-ond and third flight. days: and on the
first postflight day. The initial flight values were ex-
‘pected to-reflect mainly the psychogcmc ;stress -devel-
oped in the preflight period, since urinary indices have
an inherent lag: The middie and final flightvalues serve
to characterize the flight-induced stress, and perspective
is gained by the use of the postflight data. The. mean
deviations vary in a way-that suggests that the anticipa-

To test.for possible differences for.crew pesitions, the

serial data presented in Table I.weré reorganized. The 8

“daytime™ fiight values for a given stress index were av-
craged, as-were the 9 correspondirig postflight values
(Table V). Epmephnne differentiated crew positions
(P <0.05). The flight dat> g've suggestive ‘evidence in-
dicating that the aircraft commanders collectively ex-
perienced: slightly more.severe stress than the. others,
and the-others were nearly matched in this respect. The
postflight-data suggest-low-grade residisal stress:for'the
aircraft comimanders and -flight engincers, ‘while the
others-show evidence'of-mild physiologic depressiuis.

To study the aftet-cffects of such long-duration flying

-operations; an one occa.s:on*the postflight period was ex-

tended to 5 diys, during which time the members of the

-double-créw -collected -daytime- urine :specimens -at -4-

tory stress level was about 2 times greater than the flight
'TABLE Vi, RECOVERY FROM FLIGHT STRESS

hour intervals. The mean devnatxons in Table VI show

variation that seems meaningful. First, théy provide evi-

dence of a steady state. durmg the. ﬂxght pericd. Subse-
quently, an oscillatory. trend is evident, which suggests
that recovery from lenig-duration flying operations in-
volves tempo:\.rynendocnne-metabolxc deprecs:on, fol-

STRESS FLIGHT DAYS:
INDEX 1 2

Epincphrine +65- -1
Sodium 461 +97
Urea. +33 +20
Potassium 429 ++-38
-Norzpinephirine +28 +43
Na/K 19 +18
17:QHCS +14 35
(\’E’:\n Deviation) +36 -{»33

1
-27
0
-~18
81
~33
-42

POSTFLIGHT DAYS

) 3 4 5
Ty T T2 T dae T Tqme o6
+48 +101 +87 +37
+17 + 18 +21 + 4
+52 4 45 +57 +68
—20 + 28 + 2 ~21
+ 9 + 58 +15 —24
~05 - 89. 23 —32
H2 0 yay 45 1

F\ch value represcits the *18-hour period from 0(‘00 to 2

00 hours (EST) and is cxpnsscd as pereent

.deviation:from a “bascline value, The haseline value appears in ‘Table 1T,

SLUG~-HALE ET AL~Acrospace Medicine~Febrary ~3522
TABLE VII, STRESS RESPONSE OF OVER.FATIG'ED FLYERS

STRESS

34-1OUR

o~

E

o

EUAPSED TIME (HOURS)
INGEX FLIGHT 36 T80 34 MEAN
Norepinephrine Successful - 45 + 27 +"9 + 21
Qver-fatigning 4 99 4114 + 8 4 63
Epinephrine Successful - 52 4 16 +31% + 46
Over-fatiguing 4158 + 81 + 2 -+ 87
17-01CS Successful -7 ~ 13 +73 < 30
Over-fatiguing + 8 -k +352 o 4}
Potasslum Successful - 1 + 1 432 <+ 11
Over-fatiguing 4 34 o+ 35 $214 + 52
Soddium Successful o 87 } 25 +92 + 61
Over-fatiguing 4148 4- 40 +84 +102
Noa/K Successiul 4o T8 <+ 33 432 b 41
Overefatiguing + T8 4 2 +18 + 27
Urca Successful -7 + 16 +22 + 19
Owr-htiunlnz o+ 23 4 42 523 + 35
«{ Mean Deviation) S\Mx*sful + 8 4 15 Eot - 33
Osu-hh;'ung -+ 78 4 43 427 + 58

Each value is expressed s percent deviation from a baseline value.
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b ‘is evidence indicating that full recovery requxred 5 days.  .uesfors collectwmperxods Iate in the overfatiguing fight
2 Evidénce of -over:fatigi.e in certain: 2felv members (along-with.the cofresponding:y values for-thé.successful
N was notédin one of the test flights, and the miissicn-was,  flight): -for the-purpose of ‘bringing out the:character of
o terminated . (aborted) at-the 34th ‘hout. A “make-up”  the enidociine-metabolic trend during ‘the 12-hour. peri-

e e - -

"PHYSIOLOGIC STRESS -DURING DOUBLE #iREW MISSIONS=HALE ET AL.

Jowed by:a penod of what: appeaii to -be- -nospecifie
stress; with:reversion:tu the baseliny! ﬁnally "Thus; there

flight was flown on-a much later occasion..Since the two
flights-were the-same with respect to itincrary and. to-
work/test schedule, and since the tréw that suffered
ithe unusual fatigue also flew the- make:ups ﬂught com-
parison of the two sets of physiologte data was feasible.

.indicate:imoreé ‘jntense:stress in the. over-fatiguing flight
than;in:the successful flight. This table also presents val-

od in which-the fat:guc in the. unsuccessful’ ﬂlght must
‘have been developing- The three mcan deviations in the
successful-flight increased progressively, whereas those
in the: ovcr«fahgumg flight declined. progréssively. The
highinitial valae and-the-declirie exhibited by the over-

i

[ et s v ety

For convenience, all values obtained for-a given- physx- fatigued group suggests an “overload” reaction.
: ologic index in -the-34-hour- over-fatiguing ﬂnght were
averaged, as, were the corresponding values in'the later,  C-14I Single-cretv Staged Missions:
L ;“‘7‘595}5:“1 Right, Thf;SKT va]]<ues ‘g’P?:h in Table dVII Physiologic data were collected for other C-141 crew
N ith ~he exception of Na/K,. each:of the'stress indices' oimbers during a 5-day staged mission of the type that
{ . R is- typical -for MAC. On the first day, urine specimens
3 TABLE. V111, STRESS TRENDS ‘DURING 5-DAY STAGED MISSION p
E:V 55 TRENDSDU ) T . were collected during flight for each of the 5 crew.mem-
’ STRESS = STAGE bers at times of day. corresponding to 2000, 2400, 0400,
3 DEX C ey s o .and 0200 hours (EST), The collection timés during fli ht
: INDEX 1 2 3 4
d I . 56 1l -y on the spcond. day corresponded to 0300, 0700; and 1109
! b phrin e .56 142 e
] ,_mn‘cph,ﬁm_ T s 103 +oad  hours: (EEST). There ias no flying.on the»tlnrd day. On
iy 17-0HCS' 12 +92 4218 +9o  thefotirth diy-the collection times during flight corre-
\) - v .
i Potagsium + 7 =2 + 70 4133 snonded to-2400-and <90 hours (EST), while those- for.
3 odium +10 &0 4139 + 90
3 Na/K w6 a7 + 40 — ag the final day cc\tkespondcd ta 9200 and 0200 hours
: Urea +20 + 7 + 49 +20  (EST). Asz simp fxfymg procedurc daily means were
(Mean Deviation)  +17. a5 4122 + 51 computed for each .phyrfologic variable. Control values
= . = . (wmch were obtained-irom other men at ¢ orresponding
Each value is expressed as percent deviation from.a control value, tlmCS of day) were also averagcd to glve \'lmly values.
: Next, each miean test value was expressed as percent de-
’ TABLE IX. STRESS TRENDS. DURING 7-DAY STAGED MISSION viation from the corresponding control mean. As shown
. = — in Table VIII, the deviations (individually or.collective-
. ‘NDE; ; " 3 g ly) pravide cvxdcncc of stress of widely different degree
: T . oLt ' on the different days. The mean deviations suggest that
] Nowpinephrine  +24 4 14 64 =40 480 =1 the stress was mildest.on the first day and most intense
Epinephrine 0 -4 108 -+ 99 -39 456 =90 . -
: 17-0HCS —37 55 _—-g _s2 a9 _so onthefourth day (a day spent in or near a-combat zone
Potassium +7 =14 414 414 =3 18 in Vicmam), The grade of stress on the final day was
o - L8 - v . P B |
g ?\‘;‘}‘i‘" AU i less than maximal, but not as’low as that on the second
: Crea 49 +11 18 <6 ate 41 daysSince the different daily values in Table VIII were
4 - - - . PR
h (Mews Deviation) 424~ 4 31 445 =15 410 derived.from uncqual sets of dah, the day-to-day-trends
: are, of course, subject to question. As,a means of offsct-
5
3
‘;i TABLE X. SINGLE CREW VS DOUBLE CREW
STRESS TIME OF DAY 16-HOUR
: INDEX CREW  .2000-2200  2400-0200  0400-0600  0800-1000 MEAN
3 .\'orcplnophrincmv SIE.‘IZ’M “::’sw i 28 N + 18 T '}:10
4 Dbuble —~3 424 +10} + 10 +33
Epinephrine Single -10 +44 11 +138 346
Double + 3 +46 4149 [ 150
17.0HCS Singlo + 9 452 + a7 -6 +13
Double -3 449 Ea L] - 5 4290
Potassium Single 469 +28 + 9 - 38 410
Doiible -3 422 - 5 -3 4 3
Sodinm Single 6 + 1 . 67 - 3 L10
Doubie + 87 +52 4 B2 + 63 466
Na/K Single 37 ) 4 41 o+ 44 412
' Double 17 +46 + 67 + 80 468
Lica Single 21 14 3 24 + 19 +20
Double 428 +14 + 21 + 15 +20
(Mean Deviation)  Single (= 4) (4241 (+80) (4 25) (+17)
Double (427 (+sm (+ 67) (+ 23) (+38)

Each value fs eapressed as percent deviation from a gontrol value, Valwes for the single crew represent
5 men studicdl on one mission; those for the double crew 1epresent 8 men studied on three missions (work/rest
schedules = 16/16 hours).
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-ting riticism, comparisons were made of flight data-that
-were cbtained at similar times of day on the- different
days. For the time period of 0200-0400 hours (EST),
there were: data for Mission: Days 1, 2, 4, and 5, and
the mean deviations were +30%, +34%, +77% and
93% respectively, For the slightly. earlier time period of
2200-2400 hours .(EST), there were_data for only 3 of
the. flight days: (Days L 4, and 5). The mean deviations
for these days were +24%, +138%, and. +18%, respec-
tively.:Certain of the values for the individual indices at
2200-2400 hour (EST) in Day 4 were extremely high
(norepinephrine, +187%; epinephrine, -+305%; 17-
OHCS, +135%; potassium, -+119%, and sodium,
+146%).
Data obtained during a 7-day staged mission appear
in Table IX. The times.of dav at which the urinés were

collected varied with days, and there were times when.

some of the crewmembers lacked data. Most of the data
represent the period of 0300-1300 hours (EST) Follow-

ing the procedure used for the 5-day mission, a mean.

value was-derived for each day of flight, and each -daily
value was expressed as percent deviation from its con-
trol. Onlylow-grade stress is indicated by these data. In
-addition:to-thc comparisons-made in Table IX, we-also
considered the day-to-day differences for one specific
périod, namely, 1000-13000 hours (EST). Data repre-
senting this period were available on Days 2,3, 5, and 7.
The mean ‘deviations were +29%, +45%, and +39%,
and —9%, respectively:

Table X compares results in single- and double-crew
'C-141 flights, Iii ‘both flights, the grades, of stress (as
measured by thc mean deviations) varied with time of
day, tending to increase progri.sswely during tne:noc-
turnal .period, reaching a peak in the period of 0400-
0600 hours (ESY), and declining in the early forenoon.
Despite the common pattern of .change, the single and
double crews appear to have incurred different grades
of stress, for the-mean deviation for the 16-hour test pe-
riod for the double crew was approximately 2 times
greater than thatdor the single crew. The latter crew, of
course, had on-ground slecp . periods, whereas the dou-
ble-crew did not.

DISCUSSION

The data reduction accomplished in this study was
for the purposc of obhtcmtmg to the maximum extent
the “scatter” that is inherent in “field” studies. The pool-
ing of the data for the-six successful missions was ad-
-vantageous, bringing out the circadian pcnodxcnty clear-
ly. The circadian variability in responsiveness to flight

factors- will:bé élaborated tipon in.an additional report
Baseline, studies -oii the. members of the double-crew,
while highly desirablé, were: impractical] so ground-

‘based data for another group of: flyers-was:substititéd;

The flight-postflight differences found. by use of the
pooled data proved to be meaningful both statistically
and physiologically, hence:it seemed proper to.test for
flight-induced modifications of circadian shifts. Physiol-

ogists have long used “percent deviation” from a. ‘base-
line (control) level for the purpose. of crudely quantify-
ing. specific physwlogxc responses to adverse factorsact-
ing singly or i combination. Some distortion may result
from conversion<to percentage, so for ordmary purposes
it is better to express the deviations in absolute terms.

For the present purpose, the use of percentage was
merely expedient, cnabling us to combine the results. for
a number of interrelatec. physiologic functions. Flight
surgeons are thus provxded with a singi: measure of
stress: The “mean deviation” for the component stress
responscs is ot necessarily a precise measure of the ag-
gregate physiologic résponse. The subordinate re-
sponses appear to be weighted. differentially when ox-
pressed in percentage terms, so-the derived value’for
the-group of responses may beé réasonably -cofrect or
¢ven be.a somewhiat conservative measure. Currently,
investigators tend to use single stress measures (for ex-
ample, urinary epmvphrme), but this may over-cstimate

‘the stress, for this is- a low-threshold response. In the

present effort, for example, epinephrine: responses were

at times not qccompamcd by 17-OHCS responses,.which:

means that the stressor had not triggered an important:
high-threshold response.

Of importance was the finding -thct urinary sodium.

was a very sensitive stress indicator, Sodium determi-
tions are very simple and rapid, while hormone determi-
nations are complicated and’ quite time-consuming.

‘I‘h&,ht surgeons who might wish to screen for physnolog-

ic stress indlarge-scale flying operations would find uri-
nary sodium (and potassium) determinations very ad-
vantagceous. Potassium was especially useful, since it de-
tected residual flight stress.
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